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(54) Control device for an automatic transmission 

(57) A control system for an automatic transmis- 
sion, comprising: a clutch for transmitting the rotation of 
an engine to the transmission mechanism of a speed 
change unit; a hydraulic servo for applying/releasing the 
clutch; starting state detecting means for detecting the 
vehicle starting condition in which at least one of the fol- 
lowing conditions is dissatisfied: that the throttle open- 
ing is fully closed; that the brake pedal is depressed; 
and that the vehicle speed is substantially zero; throttle 
opening detecting means for detecting the throttle open- 
ing of the engine; applied/released state detecting 
means for detecting the applied/released state of the 
clutch; hydraulic control means for controlling the oil 
pressure to be fed to the hydraulic servo; and a control 
unit. When the starting state detecting means detects 
the vehicle starting state, the control unit detects the 
actual applied/released state of the clutch to determine 
the difference between the applied/released state and 
an ideal applied/released state read out from 
applied/released state characteristic storing means, 
thereby to set an oil pressure correction according to 
that difference. Next, an oil pressure for achieving the 
engaging characteristics of the clutch is read out from 
fed characteristic storing means. The oil pressure cor- 
rection is added to the read oil pressure, and the sum is 
outputted to the hydraulic control means. As a result, 
even if an error occurs in the output of the control valve 
of the hydraulic control means or if an aging occurs in 
the clutch, the oil pressure is corrected by the oil pres- 
sure correction according to the difference between the 
actual applied/released state and the ideal 
applied/released state so that the engaging characteris- 
tics obtained can be approximate the ideal ones. 



FIG. 1 
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Description 

Field of the Invention 

The present invention relates to a control system for 5 
an automatic transmission and, more particularly, to an 
automatic transmission control system for achieving 
ideal engaging characteristics in a clutch and preventing 
the racing of the engine and the application shock of the 
clutch. 

In the automatic transmission of the prior art, the 
rotation, as generated by the engine, is transmitted to a 
speed change unit through a fluid transmission such as 
a torque converter so that its speed is changed by the 
speed change unit. Between the fluid transmission and 
the speed change unit, moreover, there is arranged a 
first clutch (or input clutch) which can be 
applied/released to start the vehicle. 

When a starting operation is performed by depress- 
ing the accelerator pedal, the first clutch is applied. At 
this time, the oil pressure to be fed to the hydraulic servo 
of the first clutch is so controlled on the basis of the val- 
ues corresponding to the engine torque, such as the 
engine RPM or the throttle opening that the first clutch 
may take ideal engaging characteristics, thereby to pre- 
vent the racing of the engine and the application shock 
(as disclosed in Japanese Patent Laid-Open No. 
49839/1986). 

In the control system for an automatic transmission 
of the prior art, however, the ideal engaging characteris- 
tics are difficult to achieve as a matter of fact, if an error 
occurs in the output of a control valve for generating the 
oil pressure or if an aging occurs in the first clutch. 

It is, therefore, conceivable to effect such a feed- 
back control by setting ideal change characteristics in 
parameters indicating the applied/released state of the 
first clutch and by detecting the actual parameters that 
the error of the detected parameters from the parame- 
ters setting the ideal change characteristics may be 
small. 

If a control gain is enlarged at this time, the follow- 
up can be improved even if the aforementioned error is 
large, but the oil pressure seriously fluctuates to deteri- 
orate the convergence. 

If the control gain is reduced, on the other hand, the 
convergence is improved but the follow-up is deterio- 
rated to make it difficult to achieve the ideal engaging 
characteristics. 

The present invention has an object to solve the 
aforementioned problems of the control system for an 
automatic transmission of the prior art and to provide a 
control system for an automatic transmission, which can 
achieve ideal engaging characteristics in a clutch and 
can prevent the racing of the engine and the application 
shock. 

According to an aspect of the present invention, 
therefore, there is provided a control system for an auto- 
matic transmission, comprising: a clutch for transmitting 
the rotation of an engine to the transmission mechanism 



of a speed change unit; a hydraulic servo for apply- 
ing/releasing the clutch; starting state detecting means 
for detecting the vehicle starting condition in which at 
least one of the following conditions is dissatisfied: that 
the throttle opening is fully closed; that the brake pedal 
is depressed; and that the vehicle speed is substantially 
zero; throttle opening detecting means for detecting the 
throttle opening of the engine; applied/released state 
detecting means for detecting the applied/released 
state of the clutch; hydraulic control means for control- 
ling the oil pressure to be fed to the hydraulic servo; and 
a control unit. 

Moreover, the control unit includes: fed characteris- 
tic storing means stored with the oil pressure for achiev- 
ing the ideal engaging characteristics of the clutch, in 
accordance with the elapsed time and the throttle open- 
ing; applied/released state characteristic storing means 
stored with the applied/released state of the clutch if the 
ideal engaging characteristics are obtained, in accord- 
ance with the elapsed time and the throttle opening; cor- 
rection setting means for setting an oil pressure 
correction according to the difference which is deter- 
mined from between the actual applied/released state 
of the clutch, as detected by the applied/released state 
detecting means, and the ideal applied/released state, 
as read out from the applied/released state characteris- 
tic storing means; and hydraulic command means for 
reading out the oil pressure from the fed characteristic 
storing means, if the vehicle starting state is detected, 
to add the oil pressure correction to the read oil pres- 
sure. 

According to another aspect of the present inven- 
tion, the applied/released state of the clutch is detected 
in terms of an engine RPM by the applied/released state 
detecting means, and wherein the applied/released 
state characteristic storing means is stored with the 
engine RPM of the case in which the ideal 
applied/released state is obtained, in accordance with 
the elapsed time and the throttle opening. 

In still another aspect of the present invention, the 
control unit includes: stop state detecting means for 
detecting the vehicle stop state in which a forward run- 
ning range is selected, in which the throttle opening is 
fully closed, in which the brake pedal is depressed and 
in which the vehicle speed is substantially zero; and 
stop oil pressure generating means for generating a 
stop oil pressure immediately before the clutch starts its 
engagement, if the vehicle stop state is detected. 

Moreover, the hydraulic command means reads out 
the oil pressure from the fed characteristic storing 
means, if the vehicle starting state is detected, and adds 
the stop oil pressure to the read oil pressure. 

In a further aspect of the present invention, the con- 
trol unit includes: stop state detecting means for detect- 
ing the vehicle stop state in which a forward running 
range is selected, in which the throttle opening is fully 
closed, in which the brake pedal is depressed and in 
which the vehicle speed is substantially zero; stop oil 
pressure generating means for generating a stop oil 
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pressure immediately before the clutch starts its 
engagement, if the vehicle stop state is detected; and 
initial engaging pressure generating means for generat- 
ing an initial engaging pressure. 

Moreover, the hydraulic command means reads out 
the oil pressure from the fed characteristic storing 
means, if the vehicle starting state is detected, adds the 
stop oil pressure to the read oil pressure to output the 
sum to the hydraulic control means, and then further 
adds the stop oil pressure. 

In a further aspect of the present invention, further- 
more, the correction setting means sets the oil pressure 
correction to zero if the difference between the actual 
applied/released state and the ideal applied/released 
state is smaller than a set value. 

An embodiment of the present invention will be 
described in detail in the following with reference to the 
accompanying drawings. 

Fig. 1 is a functional block diagram of a control sys- 
tem for an automatic transmission in an embodi- 
ment of the present invention; 
Fig. 2 is a schematic diagram of the automatic 
transmission in the embodiment of the present 
invention; 

Fig. 3 is a diagram tabulating the operations of the 
automatic transmission in the embodiment of the 
present invention; 

Fig. 4 is a hydraulic circuit diagram of an essential 
portion of a hydraulic control unit in the embodiment 
of the present invention; 

Fig. 5 is a flow chart illustrating the operations of the 
control system for an automatic transmission in the 
embodiment of the present invention; 
Fig. 6 is a time chart of an application routine in the 
embodiment of the present invention; 
Fig. 7 is a chart showing a sub-routine of the appli- 
cation in the embodiment of the present invention; 
Fig. 8 is a diagram presenting a map of a sweep-up 
pressure in the embodiment of the present inven- 
tion; 

Fig. 9 is a diagram presenting a map of an ideal 
engine RPM in the embodiment of the present 
invention; 

Fig. 10 is an engaging characteristic diagram of a 
first clutch in the embodiment of the present inven- 
tion; 

Fig. 11 is a characteristic diagram of an engine 
RPM in the embodiment of the present invention; 
and 

Fig. 12 is a diagram presenting a correction map in 
the embodiment of the present invention. 

In Fig. 1: reference numeral 10 designates an 
engine; characters G1 a first clutch adapted to be 
applied, when a forward running range is selected, for 
transmitting the rotation of the engine 10 to a transmis- 
sion mechanism of a speed change unit 16; characters 
C-1 a hydraulic servo for applying/releasing the first 



clutch C1; and numeral 100 starting state detecting 
means for detecting a vehicle starting state which is dic- 
tated by the dissatisfaction of at least one of the condi- 
tions that a throttle opening e is fully closed, the not- 

5 shown brake pedal is depressed and that the vehicle 
speed is substantially zero. 

Moreover: numeral 49 designates an engine RPM 
sensor acting as applied/released state detecting 
means for detecting the applied/released state of the 

10 first clutch C1 as an engine RPM N E ; numeral 103 
hydraulic control means for controlling a C-1 oil pres- 
sure P C1 to be fed to the hydraulic servo C-1; and 
numeral 41 an automatic transmission control unit act- 
ing as a control system. 

15 The automatic transmission control unit 41 is pro- 
vided with: fed characteristic storing means 105 stored 
with a sweep-up pressure P C iu for achieving the ideal 
engaging characteristics of the first clutch C1 , in accord- 
ance with the elapsed time and the throttle opening e ; 

20 applied/released state characteristic storing means 106 
stored with an engine RPM N EO indicating the 
applied/released state of the first clutch C1 if the ideal 
engaging characteristics are achieved, in accordance 
with the elapsed time T and the throttle opening e ; cor- 

25 rection setting means 1 08 for determining the difference 
between the engine RPM N E , which is detected by the 
engine RPM sensor 49 and indicates the actual 
applied/released state of the first clutch C1, and the 
engine RPM N EO , which is read out from the 

30 applied/released state storing means 106 and indicates 
the ideal applied/released state, to set an oil pressure 
correction P c1m in accordance with that difference; and 
hydraulic command means 109 for reading out the 
sweep-up pressure P C ip from the fed characteristic 

35 storing means 105, if the vehicle starting state is 
detected, and adding the oil pressure correction P c1m 
to the sweep-up pressure Pciu- 

Fig. 2 is a schematic diagram of the automatic 
transmission in a first embodiment of the present inven- 

40 tion, and Fig. 3 is a table enumerating the operations of 
the automatic transmission in the embodiment of the 
present invention. 

As shown, the rotation, as generated by the engine 
10, is transmitted through an output shaft 11 to the 

45 torque converter 12. This torque converter 12 transmits 
the rotation of the engine 10 to an output shaft 14 
through a fluid (or working oil) but transmits the rotation 
directly to the output shaft 14, when the vehicle speed 
exceeds a predetermined value so that a lockup clutch 

so UC is applied. 

To the output shaft 1 4, there is connected the speed 
change unit 16 for establishing four forward and one 
reverse speeds. This speed change unit 16 is con- 
structed to include a main transmission 18 for three for- 

55 ward and one reverse speeds and an under-drive 
auxiliary transmission 19. Moreover, the rotation of the 
main transmission 18 is transmitted through a counter 
drive gear 21 and a counter driven gear 22 to the auxil- 
iary transmission 1 9, and the rotation of the output shaft 
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23 of the auxiliary transmission 19 is transmitted 
through an output gear 24 and a ring gear 25 to a differ- 
ential mechanism 26. 

In this differential mechanism 26, the rotation, as 
transmitted through the output gear 24 and the ring gear 
25, is differentiated so that the differential rotations are 
transmitted through lefthand and righthand drive shafts 
27 and 28 to the not-shown drive wheels. 

The main transmission 18 is equipped with a first 
planetary gear unit 31 and a second planetary gear unit 
32 and further with the first clutch clutch C1 , a second 
clutch C2, a first brake B1 , a second brake B2, a third 
brake B3 and one-way clutches F1 and F2 for transmit- 
ting the torque selectively between the individual ele- 
ments of the two planetary gear units 31 and 32. The 
first clutch C1 functions as an input clutch for transmit- 
ting the rotation from the torque converter 12 to the 
transmission mechanism which is constructed of the 
remaining elements of the first main transmission 18 
and the auxiliary transmission 19. 

The first planetary gear unit 31 is composed of: a 
ring gear R-| connected to a drive unit casing 34 through 
the third brake B3 and the one-way clutch F2 which are 
arranged in parallel with each other; a sun gear S-\ 
formed on a sun gear shaft 36 fitted on and rotatably 
supported by the output shaft 14; a carrier CRi con- 
nected to the counter drive gear 21; and pinions P 1A 
and P 1B meshing between the ring gear Ri and the sun 
gear S-| and rotatably supported by the carrier CH-\ . 

Moreover, the sun gear shaft 36 is connected 
through the second clutch C2 to the output shaft 1 4. The 
sun gear shaft 36 is further connected through the first 
brake B1 to the drive unit casing 34 and through the 
one-way clutch F1 and the second brake B2, as 
arranged in series, to the drive unit casing 34. 

On the other hand, the second planetary gear unit 
32 is composed of: a ring gear R 2 connected through 
the first clutch C1 to the output shaft 14; a sun gear S 2 
formed on the sun gear shaft 36 integrally with the sun 
gear Si; a carrier CR 2 connected to the carrier CR^ 
and a pinion P 2 meshing between the ring gear R 2 and 
the sun gear S 2 , rotatably supported by the carrier CR 2 
and formed integrally with the pinion P 1B . 

Moreover, the counter drive gear 21 is made to 
mesh with the counter driven gear 22 arranged in the 
auxiliary transmission 19, to transmit the rotation, as 
has its speed changed by the main transmission 18, to 
the auxiliary transmission 19. 

This auxiliary transmission 19 is equipped with a 
third planetary gear unit 38 and with a third clutch C3, a 
fourth brake B4 and a one-way clutch F3 for transmitting 
the torque selectively between the individual elements 
of the third planetary gear unit 38. 

The third planetary gear unit 38 is composed of: a 
ring gear R 3 connected to the counter driven gear 22; a 
sun gear S 3 formed on a sun gear shaft 39 rotatably fit- 
ted on the output shaft 23; a carrier CR 3 fixed on the 
output shaft 23; and a pinion P 3 meshing between the 



ring gear R 3 and the sun gear S 3 and rotatably sup- 
ported by the carrier CR 3 . 

Here will be described the operations of the auto- 
matic transmission having the construction thus far 

s described. 

Incidentally, in Fig. 3: characters C1 designate the 
first brake; characters C2 the second clutch; characters 
C3 the third clutch; characters B1 the first brake; char- 
acters B2 the second brake; characters B3 the third 

10 brake; characters B4 the fourth brake; and characters 
F1 to F3 the one-way clutches. Moreover: letter R des- 
ignates a reverse running range; letter N an N-range; 
letter D a forward running range (as will be called the 
"D-range"); characters 1ST a 1st-speed gear stage; 

15 characters 2ND a 2nd-speed gear stage; characters 
3RD a 3rd-speed gear stage; and characters 4TH a 4th- 
speed gear stage. 

Moreover, symbol Q indicates that the first clutch 
C1, the second clutch C2, the third clutch C3, the first 

20 brake B1 , the second brake B2, the third brake B3 and 
the fourth brake B4 are applied, and that the one-way 
clutches F1 to F3 are locked. On the other hand, symbol 
X indicates that the first clutch C1 , the second clutch 
C2, the third clutch C3, the first brake B1, the second 

25 brake B2, the third brake B3 and the fourth brake B4 are 
released, and that the one-way clutches F1 to F3 are 
free. 

Incidentally, symbol (O) indicates that the third 
brake B3 is applied at the engine brake time. 

30 At the 1st speed in the D-range, the first clutch C1 
and the fourth brake B4 are applied to lock the one-way 
clutches F2 and F3. Then, the rotation of the output 
shaft 14 is transmitted through the first clutch C1 to the 
ring gear R 2 . In this state, the rotation of the ring gear 

35 R 1 is blocked by the one-way clutch F2 so that the rota- 
tion of the carrier CR 2 is drastically decelerated and 
transmitted to the counter driven gear 21 while rotating 
the sun gear S 2 idly. 

The rotation, as transmitted from the counter drive 

40 gear 21 to the counter driven gear 22, is transmitted to 
the ring gear R 3 . However, the rotation of the sun gear 
S 3 is blocked by the fourth brake B4 so that the rotation 
of the carrier CR 3 is further decelerated and transmitted 
to the output shaft 23. 

45 At the 2nd speed in the D-range, on the other hand, 
the first clutch C1 , the first brake B1 , the second brake 
B2 and the fourth brake B4 are applied to lock the one- 
way clutches F1 and F3. Then, the rotation of the output 
shaft 14 is transmitted through the first clutch C1 to the 

so ring gear R 2 . The rotation of this ring gear R 2 is deceler- 
ated and transmitted to the carrier CR 2 , because the 
rotation of the sun gear S 2 is blocked by the second 
brake B2 and the one-way clutch F1 . The rotation of the 
carrier CR 2 is transmitted to the counter drive gear 21 

55 while rotating the ring gear R-i idly. 

The rotation, as transmitted from the counter drive 
gear 21 to the counter driven gear 22, is transmitted to 
the ring gear R 3 . However, the rotation of the sun gear 
S 3 is blocked by the fourth brake B4 so that the rotation 
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of the carrier CR 3 is decelerated and transmitted to the 
output shaft 23. 

Next, at the 3rd speed in the D-range, the first 
clutch C1 , the third clutch C3, the first brake B1 and the 
second brake B2 are applied to lock the one-way clutch s 
F1 . Then, the rotation of the output shaft 14 is transmit- 
ted through the first clutch C1 to the ring gear R 2 . The 
rotation of this ring gear R 2 is decelerated and transmit- 
ted to the carrier CR 2 because the rotation of the sun 
gear S 2 is blocked by the second brake B2 and the one- 
way clutch F1. The rotation of the carrier CR 2 is trans- 
mitted to the counter drive gear 21 while rotating the 
ring gear R-| idly. 

The rotation, as transmitted from the counter drive 
gear 21 to the counter driven gear 22, is transmitted to 
the ring gear R 3 . However, the relative rotation between 
the carrier CR 3 and the sun gear S 3 is blocked by the 
third clutch C3 so that the third planetary gear unit 38 
comes into a direct-coupled state. As a result, the rota- 
tion of the counter driven gear 22 is unchangedly trans- 
mitted to the output shaft 23. 

Next, at the 4th speed in the D-range, the first clutch 
C1, the second clutch C2, the third clutch C3 and the 
second brake B2 are applied. Then, the rotation of the 
output shaft 14 is transmitted through the first clutch C1 
to the ring gear R 2 and through the second clutch C2 to 
the sun gear S 2 to bring the first planetary gear unit 31 
and the second planetary gear unit 32 into direct-cou- 
pled states. As a result, the rotation of the output shaft 
1 1 is unchangedly transmitted to the counter drive gear 
21. 

The rotation, as transmitted from the counter drive 
gear 21 to the counter driven gear 22, is transmitted to 
the ring gear R 3 . However, the relative rotation between 
the carrier CR 3 and the sun gear S 3 is blocked by the 
third clutch C3 so that the third planetary gear unit 38 
comes into the direct-coupled state. As a result, the 
rotation of the counter driven gear 22 is unchangedly 
transmitted to the output shaft 23. 

Incidentally, the automatic transmission is provided 
with a hydraulic control unit 40 for establishing the indi- 
vidual gear stages by applying/releasing the first clutch 
C1, the second clutch C2, the third clutch C3, the first 
brake B1, the second brake B2, the third brake B3 and 
the fourth brake B4. 

Moreover, the hydraulic control unit 40 is connected 
with the automatic transmission control unit (ECU) 41 
so that they are operated according to the control pro- 
gram of the automatic transmission control unit 41 . 

With this automatic transmission control unit 41 , on 
the other hand, there are individually connected a neu- 
tral start switch (N.S.S.W.) 45, an RPM sensor 47, a 
brake switch 48, the engine RPM sensor 49, a throttle 
opening sensor 50 and a vehicle speed sensor 51 . 

Moreover, the shift position of the not-shown shift 
lever, i.e., the selected range can be detected by the 
neutral start switch 45. The RPM of the output shaft 14 
(as will be called the "clutch input side RPM") N C1> as 



located at the input side of the first clutch C1, can be 
detected by the RPM sensor 47. 

Furthermore, whether or not the not-shown brake 
pedal is depressed can be detected by the brake switch 
48. An engine RPM N E can be detected by the engine 
RPM sensor 49. The throttle opening e can be detected 
by the throttle opening sensor 50. The RPM (as will be 
called the "output RPM") N Q at the output side of the 
speed change unit 16, i.e., the vehicle speed can be 
detected by the vehicle speed sensor 51 . 

Here will be described the hydraulic control unit 40. 

Fig. 4 is a hydraulic circuit diagram of an essential 
portion of the hydraulic control unit in the embodiment of 
the present invention. 

As shown, a primary valve 59 regulates the oil pres- 
sure coming from the a pump 50 and outputs it as a line 
pressure to an oil line L-4. Moreover, a manual valve 55 
is provided with ports 1,2,3, D, P L and R so that the line 
pressure, as outputted from the primary valve 59, is fed 
via the oil line L-4 to the port P L . The manual valve 55 is 
connected to the not-shown shift lever, which is oper- 
ated to output the line pressure as the 1st-range pres- 
sure, the 2nd-range pressure, 3rd-range pressure, the 
D-range pressure and the R-range pressure from the 
ports 1, 2, 3, D and R. 

When the shift lever is placed in the D-range posi- 
tion, the oil under the D-range pressure, as generated in 
the port D, is fed to the individual hydraulic servos to 
apply the first clutch C1 (Fig. 2), the second clutch C2, 
the third clutch C3, the first brake B1 , the second brake 
B2 and the third brake B3 selectively thereby establish 
one of the gear stages. 

In this case, when a gear stage is set to correspond 
to the vehicle speed and the throttle opening e so that its 
shift output is generated, the solenoid signals corre- 
sponding to the shift output are turned ON/OFF. When 
the solenoid valves are opened/closed in response to 
the ON/OFF of the solenoid valves, the not-shown 1-2 
shift valve, 2-3 shift valve and 3-4 shift valve are 
switched. 

Incidentally, a linear solenoid valve 66 is arranged 
for the neutral control. This linear solenoid valve 66 is 
controlled in response to the signal from the hydraulic 
control unit 40 so that it adjusts the oil pressure, as fed 
from the primary valve 59 via an oil line L-22, to gener- 
ate a throttle pressure P TH . Moreover, the linear sole- 
noid valve 66 feed the throttle pressure P TH as a control 
oil pressure to a C-1 control valve 67 via an oil line L-13. 

The C-1 control valve 67 is fed with the D-range 
pressure via an oil line L-3 so that it regulates the fed D- 
range pressure to the C-1 oil pressure P C1 correspond- 
ing to the throttle pressure Pth from the linear solenoid 
valve 66 and feeds it to an oil line L-15. 

With the oil line L-15, on the other hand, there is 
connected a neutral relay valve 64 which is connected 
to a hydraulic servo C-1 via an oil line L-17 and to a 
solenoid valve S3 via an oil line L-10. Moreover, the 
neutral relay valve 64 is connected with the oil line L-3 
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via an oil line L-18 so that it can feed the D-range pres- 
sure. 

At the neutral control time, the solenoid valve S3 is 
turned ON so that the neutral relay valve 64 takes its 
upper half position. As a result, the C-1 oil pressure s 
P C i, as generated in the oil line L-15, is fed via the oil 
line L-17 to the hydraulic servo C-1. 

At the 1 st to 4th speed times, on the other hand, the 
solenoid valve S3 is turned OFF so that the neutral relay 
valve 64 takes its lower half position. As a result, the oil 10 
under the D-range pressure is fed via the oil lines L-3 
and L-18 and the neutral relay valve 64 and the oil line 
L-17 to the hydraulic servo C-1 . 

Here, the neutral relay valve 64, the linear solenoid 
valve 66, the C-1 control valve 67 and the hydraulic is 
servo C-1 thus far described constitute the hydraulic 
control means 103 (Fig. 1). 

In the control system for the automatic transmission 
thus constructed, if the vehicle stop state is detected 
from the facts that the forward running range is 20 
selected, that the throttle opening e is fully closed, that 
the not-shown brake pedal is depressed and that the 
vehicle speed is substantially zero, the neutral control is 
executed by the automatic transmission control unit 41 . 

In this neutral control, the throttle pressure P TH is 25 
gradually lowered to effect the sweep-down, and the 
pressure is then repeatedly lowered and raised to hold 
the released state of the first clutch C1 . When the vehi- 
cle stop state is not detected, the throttle pressure P TH 
is gradually raised. 30 

Fig. 5 is a flow chart illustrating the operations of the 
control system for an automatic transmission in the 
embodiment of the present invention. 

Step S1: The not-shown stop state detecting 35 
means in the automatic transmission control unit 41 
(Fig. 2) decides whether or not the condition for 
starting the neutral control is satisfied. The routine 
advances to Step S2, if the starting condition is sat- 
isfied, but is ended if NOT. 40 

If, in this case, the vehicle stop state is detected by 
satisfying all the conditions that the engine 10 is in the 
idling state, that the throttle opening e is fully closed, 
that the not-shown brake pedal is depressed to turn ON 45 
the brake switch 48, that the D-range is selected by the 
not-shown shift lever, and that the vehicle speed is not 
higher than a set value but substantially zero, it is 
decided the starting condition holds. 

50 

Step S2: A third solenoid signal for opening/closing 
the solenoid valve S3 (Fig. 4) is turned ON. 
Step S3: The not-shown stop oil pressure generat- 
ing means in the automatic transmission control 
unit 41 generates a stop oil pressure P C in and sets 55 
it at the C-1 oil pressure P C1 so that the first clutch 
C1 can be placed in the state immediately before its 
engagement. For this, the throttle pressure P TH is 
gradually lowered to effect the sweep-down and is 



then repeatedly lowered and raised to set the C-1 
oil pressure P C1 to the stop oil pressure P C i N . 
Thus, the first clutch C1 is held in the released state 
so that it can be placed in the state immediately 
before the start of engagement. 
Step S4: The satisfaction of the condition for ending 
the neutral control is awaited. If, in this case, any of 
the following conditions is dissatisfied: that the 
throttle opening 9 is fully closed; that the brake 
switch 48 is ON; that the D-range is selected; and 
the vehicle speed is not higher than the set value 
but substantially zero, the vehicle starting condition 
is detected, but the vehicle stopping condition is 
not. Hence, it is decided that the condition for end- 
ing the neutral control is satisfied. 
Step S5: The clutch application is executed. 

Fig. 6 is a time chart of an application routine in 
the embodiment of the present invention. Inciden- 
tally, the abscissa of Fig. 6 indicates the time, and 
the ordinate indicates the RPM and the C-1 oil pres- 
sure P C1 . 

In Fig. 6: reference letters N E designate the actual 
engine RPM, as detected by the engine RPM sensor 49 
(Fig. 2); characters N EO an ideal engine RPM; charac- 
ters A N E the rotational difference between the actual 
engine RPM N E and the ideal engine RPM N E0 ; and 
characters P C1 the C-1 oil pressure to be fed to the 
hydraulic servo C-1. 

As illustrated, the application is started at timing t1 . 
If the not-shown accelerator pedal is depressed, for 
example, the actual engine RPM N E rises with lapse of 
time from the idling RPM. 

In this case, at the timing t1 for starting the applica- 
tion, the C-1 oil pressure P C i is the sum of the stop oil 
pressure P C1N controlled at Step S3 and an initial 
engaging pressure Pqis ar| d ' s tnen swept up with the 
lapse of time so that it is gradually raised. For this, the 
sweep-up pressure P C1 u is added to the sum of the stop 
oil pressure P C in and the initial engaging pressure 

P C1S- 

Incidentally, the actual engine RPM N E is the one 
which is actually detected by the engine RPM sensor 49 
and rises faster than the ideal engine RPM N EO which is 
required for achieving the ideal engaging characteristics 
of the first clutch C1. As a result, the rotational differ- 
ence A N E is established between the actual engine 
RPM N E and the ideal engine RPM N EO - 

Before lapse of a constant time, moreover, the rota- 
tional difference A N E grows large with the lapse of time 
so that the engaging characteristics of the first clutch CI 
deviate from the ideal ones. If the rotational difference A 
N E exceeds a set value 5 at timing t2, the oil pressure 
correction P c1m corresponding to the rotational differ- 
ence A N E is issued and is further added to the sum of 
the stop oil pressure Pcin> tne 'nit' 3 ' engaging pressure 
P C1S and the sweep-up pressure P C1U . 
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Thus, the C-1 oil pressure P C1 is gradually raised 
and is abruptly raised when the hydraulic servo C-1 is 
filled up with the oil at timing t3. 

As a result, even if an error occurs in the output of 
the control valve of the hydraulic control means 103 
(Fig. 1) or if an aging occurs in the first clutch C1 , the oil 
pressure is corrected by the oil pressure correction 
P c1m according to the rotational difference A N E 
between the actual engine RPM N E and the ideal 
engine RPM N E0 , so that the engaging characteristics 
to be obtained can be approximate the ideal ones. As a 
result, it is possible to prevent the racing of the engine 
10 and the application shock. 

Thanks to the fed characteristic storing means 
which is stored with the oil pressure for achieving the 
ideal engaging characteristics of the first clutch C1, 
moreover, the difference between the ideal engaging 
characteristics and the actual engaging characteristics 
does not grow large. This makes it possible to set the oil 
pressure correction P c1m at a small value and to 
improve the follow-up and the convergence. 

Moreover, since the applied/released state of the 
first clutch C1 is detected in terms of the actual engine 
RPM N E , its detection can be facilitated to improve the 
controllability. 

Here will be described the application sub-routine 
of Step S5 of Fig. 5. 

Fig. 7 is a chart showing a sub-routine of the appli- 
cation in the embodiment of the present invention; Fig. 
8 is a diagram presenting a map of a sweep-up pressure 
in the embodiment of the present invention; Fig. 9 is a 
diagram presenting a map of an ideal engine RPM in 
the embodiment of the present invention; Fig. 10 is an 
engaging characteristic diagram of a first clutch in the 
embodiment of the present invention; Fig. 1 1 is a char- 
acteristic diagram of an engine RPM in the embodiment 
of the present invention; and Fig. 12 is a diagram pre- 
senting a correction map in the embodiment of the 
present invention. Incidentally: the abscissa of Fig. 8 
indicates the elapsed time T, and the ordinate indicates 
the sweep-up pressure P C iu: the abscissa of Fig. 9 indi- 
cates the elapsed time T, and the ordinate indicates the 
ideal engine RPM N EO ; the abscissa of Fig. 1 0 indicates 
the elapsed time T, and the ordinate indicates the 
degree of engagement; the abscissa of Fig. 1 1 indicates 
the elapsed time T, and the ordinate indicates the 
engine RPM; and the abscissa of Fig. 12 indicates the 
rotational difference N EO , and the ordinate the oil pres- 
sure correction P C i m - 

Step S5-1: The clutch input side RPM N C1 at the 
instant when the condition for ending the neutral 
control is satisfied is set to a value N C -| S . 
Step S5-2: The initial engaging pressure P C i S as 
the shelf pressure is added to the stop oil pressure 
P C in as tne base pressure, and the sum is used as 
the C-1 oil pressure P C1 . Incidentally, the initial 
engaging pressure P C1S is generated by the not- 
shown initial engaging pressure generating means 



in the automatic transmission control unit (Fig. 2) 
and can be set to such a value as to move the not- 
shown piston of the hydraulic servo C-1 (Fig. 4) and 
to reduce the application shock which is caused by 
the engagement. At this time, moreover, the oil 
pressure correction P c1m is zero. 

In the case of the neutral control, the first clutch C1 
is held in the state immediately before the start of its 
engagement so that the piston of the hydraulic servo C- 
1 is placed in a slightly retracted position. If the C-1 oil 
pressure P C1 is raised from that state, the piston is pre- 
vented from instantly moving by the starting resistance. 

In the present embodiment, when the vehicle start- 
ing state is detected, the initial engaging pressure P C1S 
is added at first to the sweep-up pressure P C iu, and this 
sum is outputted to the hydraulic control means 103 
(Fig. 1) so that the piston can be moved against the 
aforementioned starting resistance. As a result, the 
engaging time can be shortened. 

Step S5-3: It is awaited that the clutch input side 

RPM N C1 becomes smaller than the difference of 

the value N C1S from a constant DSN. 

Step S5-4: The timing operation by the timer is 

started. 

Step S5-5: The automatic transmission control unit 
41 reads the throttle opening e which is detected by 
the throttle opening sensor 50. 
Step S5-6: The hydraulic command means 109 
reads the sweep- up pressure P C1 u for sweeping up 
the C-1 oil pressure P C1 , with reference to the map 
of Fig. 8, which is stored in the fed characteristic 
storing means 105. The sweep-up pressure P C iu is 
set to correspond to the elapsed time T, as meas- 
ured by the timer, and the throttle opening e . 
Step S5-7: The hydraulic command means 109 
sets the C-1 oil pressure P C1 by adding the initial 
engaging pressure P C1S , the sweep-up pressure 
P C1U and the oil pressure correction P c1m to the 
stop oil pressure P C in> and outputs the sum to the 
hydraulic control means 103. 
Step S5-8: The correction setting means 108 reads 
the ideal engine RPM N EO corresponding to the 
elapsed time T, as measured by the timer, and the 
throttle opening 0 with reference to the map of Fig. 
9, as stored in the applied/released state character- 
istic storing means 106. 

In Fig. 11, reference letters designate an 
engine RPM of the case in which the engine 10 is driven 
with a constant throttle opening e but without exerting 
any load. Moreover, this engine RPM N EA is lowered by 
the value 8 N E which is determined by the characteris- 
tics of the torque converter 12 and the degree of 
engagement of the first clutch C1, when the engine 10 
and the first clutch C1 are connected through the torque 
converter 12 so that the first clutch C1 may be applied 
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with the engaging characteristics, as illustrated in Fig. 
10. 

Hence, the value which is made lower by the value 
8 N E than the engine RPM N EA is set to the ideal engine 
RPM N EO - 

Step S5-9: The correction setting means 108 reads 
the actual engine RPM N E which is detected by the 
engine RPM sensor 49. 

Step S5-10: The correction setting means 108 
decides the rotational difference A N E by subtract- 
ing the ideal engine RPM N EO from the actual 
engine RPM N E . 

Step S5-11: The correction setting means 108 
determined the oil pressure correction P c1m corre- 
sponding to the rotational difference A N E , with ref- 
erence to Fig. 12. In this case, the oil pressure 
correction P C1 m is set to zero if the rotational differ- 
ence A N E is smaller than the set value 8 . 

Hence, it is possible to prevent the C-1 oil pressure 
P C1 to be fed to the hydraulic servo C-1 from fluctuating 
when the oil pressure correction Pci m ' s added. Since 
the set value 8 is changed according to the detection 
accuracy of the engine RPM sensor 49, the oil pressure 
correction P c1m need not be uselessly issued so that 
the time period necessary for the application can be 
shortened. 

Step S5-1 2: It is decided whether or not the applica- 
tion of the first clutch C1 is ended. The routine 
advances to Step S5-13, if the application is ended, 
but returns to Step S5-5 if the application is not 
ended. In this case, whether or not the application 
of the first clutch C1 is ended is decided by multiply- 
ing the output RPM N Q , as detected by the vehicle 
speed sensor 51 , and the gear ratio i of the speed 
change unit 1 6 to calculate the value N Q * i and by 
comparing the value, which is calculated by sub- 
tracting the value N Q • i from the clutch input side 
RPM N C1 , with a set value A N R2 . Moreover, it is 
decided that the application of the first clutch C1 is 
ended, if the following relations hold: 

N ci - N o • ^ N R2- 
Step S5-13: The third solenoid valve is turned OFF. 

According to the present invention, as described 
above, the control system for an automatic transmission 
comprises: a clutch for transmitting the rotation of an 
engine to the transmission mechanism of a speed 
change unit; a hydraulic servo for applying/releasing the 
clutch; starting state detecting means for detecting the 
vehicle starting condition in which at least one of the fol- 
lowing conditions is dissatisfied: that the throttle open- 
ing is fully closed; that the brake pedal is depressed; 
and that the vehicle speed is substantially zero; throttle 
opening detecting means for detecting the throttle open- 



ing of the engine; applied/released state detecting 
means for detecting the applied/released state of the 
clutch; hydraulic control means for controlling the oil 
pressure to be fed to the hydraulic servo; and a control 
5 unit. 

Moreover, the control unit includes: fed characteris- 
tic storing means stored with the oil pressure for achiev- 
ing the ideal engaging characteristics of the clutch, in 
accordance with the elapsed time and the throttle open- 

10 ing; applied/released state characteristic storing means 
stored with the applied/released state of the clutch if the 
ideal engaging characteristics are obtained, in accord- 
ance with the elapsed time and the throttle opening; cor- 
rection setting means for setting an oil pressure 

15 correction according to the difference which is deter- 
mined from between the actual applied/released state 
of the clutch, as detected by the applied/released state 
detecting means, and the ideal applied/released state, 
as read out from the applied/released state characteris- 

20 tic storing means; and hydraulic command means for 
reading out the oil pressure from the fed characteristic 
storing means, if the vehicle starting state is detected, 
to add the oil pressure correction to the read oil pres- 
sure. 

25 If, in this case, at least one of the following condi- 
tions is dissatisfied: that the throttle opening is fully 
closed; that the brake pedal is depressed; and that the 
vehicle speed is substantially zero, the starting state 
detecting means detects the vehicle starting state. 

30 Moreover, the control unit detects the actual 
applied/released state of the clutch and determines the 
difference between the applied/released state and the 
ideal applied/released state, as read out from the 
applied/released state characteristics storing means, 

35 thereby to set the oil pressure correction in accordance 
with that difference. 

Next, the control unit read outs the oil pressure for 
achieving the ideal engaging characteristics of the 
clutch from the fed characteristics storing means and 

40 adds the oil pressure correction to the read oil pressure 
until it outputs the sum to the hydraulic control means. 

Even if an error occurs in the output of the control 
valve of the hydraulic control means or if an aging 
occurs in the clutch, the oil pressure is corrected by the 

45 oil pressure correction according to the difference 
between the actual applied/released state and the ideal 
applied/released state so that the engaging characteris- 
tics obtained are approximate the ideal ones. As a 
result, it is possible to prevent the racing of the engine 

so and the application shock. 

With the fed characteristic storing means being 
stored with the ideal engaging characteristics of the 
clutch, moreover, the difference between the ideal 
engaging characteristics and the actual engaging char- 

55 acteristics is not large. This makes it possible to set the 
oil pressure correction at a low value and to improve the 
follow-up and the convergence. 

In another control system for an automatic trans- 
mission of the present invention, moreover, the 
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applied/released state of the clutch is detected in terms 
of an engine RPM by the applied/released state detect- 
ing means, and wherein the applied/released state 
characteristic storing means is stored with the engine 
RPM of the case in which the ideal applied/released 5 
state is obtained, in accordance with the elapsed time 
and the throttle opening. 

In this case, it is possible to detect the 
applied/released state of the clutch easily and to 
improve the controllability. 

In still another control system for an automatic 
transmission of the present invention, furthermore, the 
control unit includes: stop state detecting means for 
detecting the vehicle stop state in which a forward run- 
ning range is selected, in which the throttle opening is 
fully closed, in which the brake pedal is depressed and 
in which the vehicle speed is substantially zero; and 
stop oil pressure generating means for generating a 
stop oil pressure immediately before the clutch starts its 
engagement, if the vehicle stop state is detected. 

Moreover, the hydraulic command means reads out 
the oil pressure from the fed characteristic storing 
means, if the vehicle starting state is detected, and adds 
the stop oil pressure to the read oil pressure. 

In this case, a shift can be made from the vehicle 
stop state to the vehicle starting state so that a neutral 
control can be performed. 

In a further control system for an automatic trans- 
mission of the present invention, furthermore, the con- 
trol unit includes: stop state detecting means for 
detecting the vehicle stop state in which a forward run- 
ning range is selected, in which the throttle opening is 
fully closed, in which the brake pedal is depressed and 
in which the vehicle speed is substantially zero; stop oil 
pressure generating means for generating a stop oil 
pressure immediately before the clutch starts its 
engagement, if the vehicle stop state is detected; and 
initial engaging pressure generating means for generat- 
ing an initial engaging pressure. 

Furthermore, the hydraulic command means reads 
out the oil pressure from the fed characteristic storing 
means, if the vehicle starting state is detected, adds the 
stop oil pressure to the read oil pressure to output the 
sum to the hydraulic control means, and then further 
adds the stop oil pressure. 

In the neutral control, the clutch is held in the state 
immediately before the start of engagement, so that the 
piston of the hydraulic servo is placed in a slightly 
retracted position. If the oil pressure is raised from this 
state, the piston is prevented from quick movement by a 
starting resistance. 

If, in this case, the vehicle starting state is detected, 
the oil pressure is read out at first from the fed charac- 
teristic storing means, and the initial engaging pressure 
is added to the read oil pressure. This sum is outputted 
to the hydraulic control means so that the piston can be 
moved against the starting resistance. This makes it 
possible to shorten the application time. 



In a further control system for an automatic trans- 
mission of the present invention, furthermore, the cor- 
rection setting means sets the oil pressure correction to 
zero if the difference between the actual 
applied/released state and the ideal applied/released 
state is smaller than a set value. 

In this case, it is possible to prevent the oil pressure 
to be fed to the hydraulic servo from slightly fluctuating 
when the oil pressure correction is added. 

Incidentally, the present invention should not be lim- 
ited to the foregoing embodiment but could be modified 
in various manners on the basis of its gist, and these 
modifications should not be excluded from the scope of 
the present invention. 

Claims 

1. A control system for an automatic transmission, 
comprising: a clutch for transmitting the rotation of 
an engine to the transmission mechanism of a 
speed change unit; a hydraulic servo for apply- 
ing/releasing said clutch; starting state detecting 
means for detecting the vehicle starting condition in 
which at least one of the following conditions is dis- 
satisfied: that the throttle opening is fully closed; 
that the brake pedal is depressed; and that the vehi- 
cle speed is substantially zero; throttle opening 
detecting means for detecting the throttle opening 
of said engine; applied/released state detecting 
means for detecting the applied/released state of 
said clutch; hydraulic control means for controlling 
the oil pressure to be fed to said hydraulic servo; 
and a control unit, 

wherein said control unit includes: fed char- 
acteristic storing means stored with the oil pressure 
for achieving the ideal engaging characteristics of 
said clutch, in accordance with the elapsed time 
and the throttle opening; applied/released state 
characteristic storing means stored with the 
applied/released state of said clutch if the ideal 
engaging characteristics are obtained, in accord- 
ance with the elapsed time and the throttle opening; 
correction setting means for setting an oil pressure 
correction according to the difference which is 
determined from between the actual 
applied/released state of said clutch, as detected 
by said applied/released state detecting means, 
and the ideal applied/released state, as read out 
from said applied/released state characteristic stor- 
ing means; and hydraulic command means for 
reading out the oil pressure from said fed character- 
istic storing means, if said vehicle starting state is 
detected, to add said oil pressure correction to said 
read oil pressure. 

2. A control system for an automatic transmission 
according to claim 1, 

wherein the applied/released state of said 
clutch is detected in terms of an engine RPM by 
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said applied/released state detecting means, and 
wherein said applied/released state characteristic 
storing means is stored with the engine RPM of the 
case in which the ideal applied/released state is 
obtained, in accordance with the elapsed time and 5 
the throttle opening. 

3. A control system for an automatic transmission 
according to claim 1 or 2, 

wherein said control unit further includes: 10 
stop state detecting means for detecting the vehicle 
stop state in which a forward running range is 
selected, in which the throttle opening is fully 
closed, in which the brake pedal is depressed and 
in which the vehicle speed is substantially zero; and is 
stop oil pressure generating means for generating a 
stop oil pressure immediately before said clutch 
starts its engagement, if said vehicle stop state is 
detected, and 

wherein said hydraulic command means 20 
reads out the oil pressure from said fed characteris- 
tic storing means, if the vehicle starting state is 
detected, and adds said stop oil pressure to said 
read oil pressure. 

25 

4. A control system for an automatic transmission 
according to claim 3, 

wherein said control unit further includes: ini- 
tial engaging pressure generating means for gener- 
ating an initial engaging pressure, and 30 

wherein said hydraulic command means 
outputs the sum of said read oil pressure and said 
stop oil pressure to said hydraulic control means, 
and then further adds said stop oil pressure. 

35 

5. A control system for an automatic transmission 
according to any of claims 1 to 4, 

wherein said correction setting means sets 
said oil pressure correction to zero if the difference 
between said actual applied/released state and 40 
said ideal applied/released state is smaller than a 
set value. 
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FIG. 3 
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